are added for additional domains or extent of impairment; a score ≤ 2 is generally considered mild, 2-9 moderate, and ≥ 10 severe. The NIHSS is the standard measure of stroke severity that is used in stroke clinical trials. 24 The NIHSS was assessed by research staff who received certification in administration of the NIHSS. 25 
Protocol for Control Patients
Control patients received portable unattended polysomnography at baseline and at 30 days post-stroke ( Figure 1 ). The primary care providers of the control patients were notified of the polysomnography results, but control patients were not given CPAP as part of the study. Although it was theoretically possible for control patients with sleep apnea to receive CPAP, none of them actually received CPAP during the one-month study period.
Polysomnography was performed by a trained staff member at the patient's bedside. The patients were not moved off their unit if they were admitted to the hospital. The polysomnography included: electroencephalogram (EEG), respiratory inductive plethysmography (RIP), body position, electrocardiogram (ECG), blood pressure, and oxygen saturation. 26 We used portable unattended polysomnography (LifeShirt, Vivometrics, Ventura, CA) because it has been validated against the gold standard of polysomnography in a sleep laboratory, has been successfully used in clinical trials of sleep apnea, and can be used throughout the hospital or at a patients' residence. 27 
Diagnosis of Sleep Apnea
Apnea was defined as an airflow cessation ≥ 10 sec; hypopnea was defined as a reduction in airflow ≥ 10 sec or decrease in amplitude of breathing ≥ 30% followed by an oxygen desaturation ≥ 4%. [28] [29] [30] The apnea-hypopnea index (AHI) was calculated from the sum of the number of apneas and hypopneas per hour of sleep. Sleep apnea was diagnosed when the AHI ≥ 5 events/ hour. 29 Respiratory events in the presence of abdominal effort were scored as obstructive, whereas respiratory events in the absence of abdominal effort were scored as central events. A respiratory event was scored as a mixed apnea if it met apnea criteria and was associated with absent inspiratory effort in the second portion of the event. For the purposes of distinguishing between obstructive and central sleep apnea, mixed apneas were classified as obstructive respiratory events. Patients were classified has having Cheyne-Stokes respiration if the predominant breathing pattern (> 50%) of respiratory events took the form of a waxing and waning ventilatory effort with arousals typically occurring at the peak of the hyperpnea phase.
Protocol for Intervention Patients
All intervention patients received auto-CPAP. The auto-CPAP machine (AutoSet Spirit, ResMed, Poway, CA) measured and stored information about: respiratory events (apneas and hypopneas), patient use (minutes used, nights used), mask leak, and pressure delivered. Auto-CPAP adherence was catventilation, oxygen dependent chronic obstructive pulmonary disease, pregnancy, intracranial hemorrhage, time from symptom onset to emergency department arrival > 72 h, receipt of thrombolytic therapy, life expectancy < 6 months, non-English speaking status, or residence outside of Connecticut. Atrial fibrillation and age < 65 years were both originally included as exclusion criteria in our initial human subjects protocol. After the first several months of recruitment, we examined our screening data and observed that many patients were being excluded on the basis of atrial fibrillation and age. The research team discussed the exclusions and made 2 modifications: a reduction in the minimum age from 65 to 50 years (given that there is no rationale to support the contention that the treatment of sleep apnea should have a differential effect on post-stroke outcomes based on age) and elimination of atrial fibrillation as an exclusion (given that sleep apnea is associated with arrhythmias, and hence treatment of sleep apnea might improve outcomes for patients with atrial fibrillation).
Randomization
This feasibility study was designed as a randomized controlled trial (clinical trials.gov; NCT00368628). The randomization was stratified according to NIHSS < 10 or ≥ 10, to ensure balance in the groups in terms of baseline stroke severity. Randomization was performed in a 1 (control):1.5 (intervention) ratio, to ensure a sufficient number of patients in the intervention group, given that one of the primary outcomes was related to auto-CPAP use.
Baseline Measurements
Baseline assessments included a review of the medical record, an interview of patients and/or their proxies, and physical measurements. The following data were collected at baseline: demographic factors, comorbidities, medications, blood pressure, heart rate, neck circumference, height, weight, and concomitant stroke care (e.g., antithrombotic agents, assessment of hyperlipidemia or cholesterol-lowering medication). Stroke symptom severity was measured prospectively using the NI-HSS. 23 The NIHSS assesses 11 domains of neurological function, where normal functioning is given a score of zero and higher scores indicate worse stroke severity. In general, points it was not powered to identify differences in outcomes between patients in the intervention versus control groups. No imputations were made for missing data. The analyses were conducted using SAS 9.1 (Cary, NC). This study was approved by all of the participating sites' human subjects committees.
RESULTS
Among 955 screened patients, 136 did not have an ischemic stroke, 620 met at least one exclusion criterion, and 144 patients refused to participate (Figure 2) . Therefore, 55 patients were enrolled, with 31 in the intervention group and 24 in the control group. Three control patients (12.5%) and 9 intervention patients (29.0%) withdrew (Figure 2) . No statistically significant differences were found in the baseline characteristics of the 2 groups, although the control patients were somewhat heavier (mean weight of 202.6 versus 178.0 pounds; Table 1 ). No clinically or statistically significant differences were observed among patients who withdrew compared with patients who remained in the study (data not shown). The majority of patients received the auto-CPAP within 48 h of symptom onset: < 24 h, 5/31 (16.1%); ≥ 24 < 48 h, 16/31 (51.6%); and ≥ 48 h, 10/31 (32.3%). The control and intervention groups were very similar with respect to the concomitant stroke care they received (data not shown).
Sleep Apnea Prevalence
Among the 24 control patients, 15 (63%) had polysomnography completed at baseline and 18 (75%) at 30 days poststroke. The main reasons for not being able to complete the polysomnography were: competing diagnostic testing (e.g., patients being sent for brain imaging), poor quality EEG recordings obtained in the inpatient setting, and inability to obtain permission to perform the polysomnography in rehabilitation units. The majority of patients had sleep apnea both at baseline (13/15 [86.7%]) and one month post-stroke, (24/35 [68.6%]; Table 2 ). The control and intervention groups had similar rates of sleep apnea based on polysomnography at 30 days (72% versus 65%, P = 0.63). Obstructive sleep apnea was the predominant respiratory event, central apneas were rare; no patient had either pure central sleep apnea or Cheyne-Stokes respiration.
Among the 14 intervention patients with both auto-titrating CPAP and polysomnography data, the diagnostic agreement was: agreement in 12/14 (86%), with a positive predictive value of 75% and a negative predictive value of 90%. Among the 2 patients with disagreement, one had evidence of obstruction by the CPAP machine (AHI 0.8, pressure 8.6 cm H 2 O), whereas the polysomnography demonstrated an AHI of 2.2. The second patient had no evidence of obstruction from the CPAP machine (AHI 4.4, pressure 4.8 cm H 2 O), whereas polysomnography demonstrated an AHI of 5.5.
Auto-CPAP Use
A total of 16 intervention patients were deemed eligible for CPAP, including 15 patients with either an AHI of ≥ 5 or a median pressure ≥ 6 cm H 2 O (i.e., the patients who were recommended to use auto-CPAP for 30 days), plus one patient who insisted upon using auto-CPAP machine because it made him feel better. (Note: for this patient who insisted upon egorized as: no use; any use (more than no use but < 4 h/night for < 75% of nights); or acceptable adherence (≥ 4 h/night for ≥ 75% of nights). 31, 32 The machine was interrogated after 2 nights. If there was no evidence of airflow limitation (AHI < 5 or median pressure < 6 cm H 2 O), the auto-CPAP was discontinued. If there was evidence of airflow limitation, the auto-CPAP was continued for the remainder of the 30-day period (Figure 1 ). To support intervention patients' efforts to use the auto-CPAP, patients received information about sleep apnea, the benefits of CPAP treatment, and instructions about CPAP machine use daily for 2 days and then weekly for the rest of the one-month study period. Research staff included research associates (not respiratory therapists) who were trained in polysomnography and CPAP administration and support specifically for this study. They made visits to the patients (either in the hospital or the patients' homes) to refit masks or to troubleshoot equipment as needed. Whenever possible, the staff showed the patients their own auto-CPAP data to encourage adherence. Because polysomnography (rather than auto-CPAP) is the gold standard method of diagnosing sleep apnea, intervention patients received unattended portable polysomnography at 30 days post-stroke (Figure 1 ).
Outcomes
The primary outcomes were: (1) sleep apnea prevalence at baseline (based on the polysomnography data from the control patients), and (2) the proportion of intervention patients with sleep apnea with acceptable CPAP adherence. The secondary outcome was change in stroke symptom severity (NIHSS) calculated as the differences between the baseline and 30-day NI-HSS scores (a negative number indicates improvement).
Adverse Events
The definition of recurrent vascular events included transient ischemic attacks, recurrent stroke, myocardial infarction, hospitalization for congestive heart failure, or any death. 33 All adverse events were reviewed by a panel that included an internist, a neurologist, and a pulmonologist. The panel classified each adverse event as serious or non-serious and as related or unrelated to the study intervention.
Analysis Plan
Descriptive statistics (e.g., mean with standard deviations, medians, and proportions) were used to describe the baseline characteristics and outcomes. To compare differences in the outcome rates between control and intervention patients and among sleep apnea patients with varying auto-CPAP use, χ 2 tests or Fisher exact tests were used for binary or ordinal variables, and Student t-tests or Wilcoxon rank sum tests for dimensional variables. Two-sided P-values were used to evaluate differences between the intervention and control groups. A P-value of 0.05 was used to determine statistical significance. An intention-totreat analysis was performed comparing the change in median NIHSS from baseline to 30 days among intervention patients versus control patients. A secondary prespecified analysis of change in stroke severity was conducted among patients with sleep apnea according to the amount of CPAP used.
This project was designed to enroll a sufficient number of subjects to ensure face validity for our feasibility assessments; ment in NIHSS (−3.0) than control patients (−1.0; P = 0.03; Table 4 ). Among stroke patients with sleep apnea, the improvement in the NIHSS was greatest among patients with the most auto-CPAP use (median NIHSS change: −3.0 for acceptable adherence, −2.5 for some use, and −1.0 for no use; Table 4 ). The greatest improvements in NIHSS were observed among patients who started auto-titrating CPAP within 48 h of stroke symptom onset: (median NIHSS change: −3.0, < 24 h; −3.0, ≥ 24 < 48 h; −0, ≥ 48 h).
Adverse Events
Serious adverse events were observed among 5/24 (20.8%) control patients and 2/31 (6.5%) intervention patients (P = 0.22).
continuing auto-CPAP, his beginning CPAP data suggested no obstruction (AHI 2.5, pressure 4.2 cm H 2 O), but his end-CPAP data were consistent with obstruction (AHI 5.4, pressure 4.8 cm H 2 O), as were his polysomnography data (AHI 15.7).
All 16 patients had some CPAP use, with acceptable adherence observed in 10/16 (62.5%; Table 3 ). Two intervention patients refused to try auto-CPAP, therefore no recommendation for auto-CPAP use could be made.
Effect of Auto-CPAP on Stroke Severity
The intervention and control patients had similar stroke severity at baseline (both groups, median NIHSS of 3.0; Table 1 ). Intervention patients had greater median improve- No serious adverse events were related to the intervention. Non-serious adverse events were observed among 1/24 (4.2%) control patient and 4/31 (12.9%) intervention patients (P = 0.37). Two patients had non-serious adverse events that were attributed to the study intervention including skin irritation due to the mask (n = 1) and sneezing/nasal irritation due to the CPAP (n = 1).
DISCUSSION
We found that diagnosing and treating sleep apnea with auto-CPAP among selected acute ischemic stroke patients is feasible. Our results indicate that sleep apnea is common in the acute stroke period, that acute stroke patients are able to use auto-CPAP, and that auto-CPAP may improve stroke symptom severity at 30 days post-stroke. Given that the majority of patients had sleep apnea and was eligible for treatment, relatively few are exposed to the intervention who do not have sleep apnea. Therefore, the approach of providing auto-CPAP without incurring the delays of a diagnostic sleep study provides the earliest treatment to the greatest number of patients with minimal risk.
The prevalence of sleep apnea observed in this study is similar to the rates (60% to 96%) observed in prior studies. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] We found that the prevalence of sleep apnea decreased from the acute period (86.7%) to one month post-stroke (68.6%). This decrement in sleep apnea prevalence with increasing time from the stroke event has been reported previously. 7 This observed pattern in prevalence supports the use of auto-CPAP to treat sleep apnea in the acute period.
Auto-titrating CPAP is not recommended for use among patients with central sleep apnea, which has been demonstrated previously to be rare among patients with stroke and which was not observed in this relatively small study. Certain auto-titrating CPAP units use an algorithm to differentiate obstructive from central apneas by positive airway pressure. This detection algorithm works by delivering one or more pressure pulses when spontaneous breathing is not detected. The device evaluates the response of the patient's airway to the pressure pulses and identifies obstructive apneas or central apneas based on the resulting patient flow. The auto-titrating CPAP unit does not increase pressure in response to central apneas. These units, therefore, are appropriate for use in patients with obstructive or mixed sleep apnea, which is the cohort that was identified in the present study.
Adherence with auto-CPAP in this study was similar to prior reports in non-stroke patients, but higher than studies of poststroke patients. For example, a study of stroke patients reported that 15% used CPAP in the long term. 9 Our staff visited patients to encourage CPAP use and to help them overcome any lute increase in the favorable outcome. 24 We found that 43% of control patients had an NIHSS of 0-1 compared with 57% of intervention patients-a 14% absolute increase in the favorable outcome, albeit with wide confidence intervals given our sample size.
The major strengths of this study were the randomized controlled design and the broad range of patients enrolled from a tertiary-care facility, a community hospital, and a Veterans Administration medical center. Also, we employed a novel intervention treatment strategy and achieved good CPAP compliance rates.
The major limitations of this study were its relatively small sample size and missing data due to withdrawals and missing polysomnography or auto-CPAP data. A 29% withdrawal rate in the intervention arm was higher than expected. Figure  2 provides the reasons for withdrawal, including some related to study activities and others related to the post-stroke clinical course. We designed our protocol to reduce withdrawals as much as possible. For example, we recorded multiple contacts for each patient. We also worked with patients and their caregivers to educate them about the research protocol. We gave several informational sessions about the research to the hospital staff in all of the participating hospitals. As a result, the hospital staff was generally very supportive of this study, yet the attitudes of the patients' primary care providers were mixed: some were very interested, whereas others were less supportive of patients' participation. For example, some of the stroke patients with sleep apnea did not endorse sleepiness symptoms, and their attending clinicians either doubted the diagnosis of sleep apnea or doubted that asymptomatic patients would benefit from treatment. Future trials of stroke patients that involve complex interventions should engage patients' primary care providers as part of the recruitment activities.
Another limitation of this study was that the staff members who performed the NIHSS at baseline and at the end of the 30-day study period were not blinded to treatment group assignment. However, the staff members were trained in the administration of the NIHSS and the NIHSS is considered to be a relatively objective measure of stroke severity, therefore mitigating potential bias due to unblinding.
In conclusion, these findings suggest that the strategy of diagnosing and treating sleep apnea among selected acute ischemic stroke patients is feasible and may be a novel therapeutic approach to improve outcomes. This strategy, if confirmed in future, larger studies, with a less selected population, could be used to complement existing stroke interventions. Given that equipment-related difficulties, and our study had a relatively short duration; both factors may account for the observed higher rate of CPAP use. In our analysis of auto-CPAP adherence, we excluded patients who did not have sleep apnea and patients whose sleep apnea status was unknown because they refused auto-CPAP (a standard analytic practice). 9 Our finding that increasing adherence to auto-CPAP was associated with greater improvements in stroke symptom recovery supports the conclusion that auto-CPAP may provide a new therapeutic approach for ischemic stroke patients. Possible mechanisms by which auto-CPAP may improve neurological recovery include: improved oxygenation, reduced fibrinogen levels, decreased frequency of blood pressure surges associated with apneas, improved left ventricular function, and normalized cerebral vascular reactivity and cerebral blood flow. 13, [34] [35] [36] We observed that intervention patients had a three-point improvement in their NIH stroke scale from baseline to one month poststroke, compared with a one-point improvement for control patients (P = 0.03). To provide a context in which to evaluate the current results, this absolute change in stroke severity was similar to the results of the NINDS trial that was the basis of the FDA approval for tissue plasminogen activator (tPA) for the treatment of acute ischemic stroke. The NINDS trial, which was adequately powered to observe a difference in outcomes, found that 20% of placebo patients had an NIHSS of 0-1 compared with 31% of patients in the tPA group-an 11% abso- *Vascular events were defined as: transient ischemic attacks; recurrent stroke; myocardial infarction; hospitalization for congestive heart failure; or any death. † Adherence analysis only among patients with sleep apnea, including 13 control patients in the "no CPAP" group.
no specialized systems are needed to implement CPAP therapy, this intervention may have the potential to be applicable to most stroke patients, regardless of the size or complexity of the facility at which they receive their care.
